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SIMULATION, MEASUREMENT AND/OR 
CONTROL SYSTEM AND METHOD WITH 

COORDINATED TIMING 

PRIORITY CLAIM 

This application claims bene?t of priority of US. provi 
sional application Serial No. 60/262,831 titled “Simulation, 
Measurement and/or Control System and Method with Coor 
dinated Timing” ?led Jan. 19, 2001, whose inventors are 
Jeffrey Kodosky and Jack MacCrisken. 

FIELD OF THE INVENTION 

The present invention relates to the ?elds of simulation and 
measurement and/or control systems, and more particularly 
to a system and method for coordinating timing between 
simulation of a system and measurement and/ or control of the 
system. 

DESCRIPTION OF THE RELATED ART 

The use of measurement/ control loops for measuring and/ 
or controlling a wide variety of systems is constantly increas 
ing. FIG. 1 (prior art) illustrates an example of a simple 
measurement/control loop. The system 10 shown in FIG. 1 
may be any of various types of apparatuses, processes, or 
conditions. The system 10 may include any of various types 
of physical, mechanical, electrical, chemical, or thermody 
namic elements, among others, or some combination of such 
elements. For example, in various embodiments, the system 
10 may be an engine or an engine component, a device in 
motion, a chemical reaction, a petroleum re?ning process, a 
room maintained at a setpoint temperature, a system of liq 
uids ?owing among different tanks, etc. 
As shown in FIG. 1, the measurement/control loop may 

also include a sensor/transducer 12 which is operable to sense 
one or more variables of the system 10 and output a signal 
based on the variable(s). The sensor/transducer 12 may be 
operable to sense any of various types of system variables, 
depending on the type of the system 10. Examples of system 
variables that may be sensed include variables related to: 
motion and force (acceleration, altitude, displacement, force, 
torque, pressure, velocity, strain, etc.), ?uid conditions (?ow, 
pressure, liquid level, etc.), electromagnetism (light, radioac 
tivity, voltage, current, etc.), chemistry, sound, temperature, 
humidity, proximity, etc. The sensor/transducer 12 may com 
prise any of various types of devices or combinations of 
devices operable to sense the variable(s) of interest and pro 
duce an output signal based on the variable(s). The signal 
produced by the sensor/transducer 12 is most typically an 
electrical signal, e.g., a voltage or current, but may also be any 
of various other types of signals. 

FIG. 1 also illustrates a block 14, labeled “measurement/ 
control logic 14” which receives the output signal produced 
by the sensor/transducer 12. The measurement/ control logic 
14 may comprise hardware and/or software elements. For 
example, in one embodiment, the measurement/ control logic 
14 may include a software program running in a digital com 
puter, such as a desktop computer or workstation. The signal 
received from the sensor/transducer 12 may be converted into 
a form usable by the program, e.g., by utiliZing an analog-to 
digital (A/ D) converter. In other embodiments, the measure 
ment/control logic 14 may be implemented differently, e.g., 
as an embedded microcontroller pro grammed with software, 
as a programmable logic device, as a specialized hardware 
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2 
circuit or other type of control unit designed to perform the 
measurement/ control functions, etc. 
The measurement/control logic 14 may be operable to 

produce an output signal in response to receiving the signal 
from the sensor/transducer 12 as input. For example, the 
measurement/ control logic 14 may measure and evaluate the 
input signal, e.g., to determine whether the current value of 
the system variable(s) differs from a value that the variable(s) 
should be, as determined by the measurement/control logic 
14. The measurement/control logic 14 may determine the 
value that the system variable(s) should be in any of various 
ways, e.g., based on internal logic, the past history of the 
system, and/or other input received. If the system variable 
value(s) should be changed, the measurement/control logic 
14 may produce an appropriate control signal output. The 
measurement/control logic 14 may also produce output sig 
nals for purposes other than control, e. g., in order to provide 
information to the system. 
As shown in FIG. 1, a control device/actuator 16 may 

receive the control signal output produced by the measure 
ment/control logic 14. The control device/actuator 16 may be 
operable to adjust one or more system variables, as directed 
by the control signal. The control device/actuator 16 may 
comprise any of various types of devices, as appropriate for a 
particular system. For example, the control device/actuator 
16 may comprise: a switch that may be opened or closed, a 
valve that may be adjusted, a motor that may be started, 
stopped, reversed, etc., or any other type of control device, 
such as solenoids, relays, solid-state control elements, etc. In 
response to the operations performed by the control device/ 
actuator 16, the state of the system 10 may be altered. 

It is noted that FIG. 1 represents one simple example of a 
measurement/control loop, and many variations exist in the 
art. For example, FIG. 1 may be termed a “closed-loop” 
example, since the measurement/control logic 14 accepts 
feedback input that may affect the control signals produced 
by the measurement/ control logic 14. The measurement/con 
trol logic 14 may sample the feedback input at any of various 
sample rates. “Open-loop” examples are also possible, in 
which the measurement/control logic produces output con 
trol signals, but does not accept feedback input based on 
system variables. For example, measurement/control logic 
associated with a simple hot water heater may simply turn gas 
to the heater on and off at regular intervals, regardless of the 
water temperature or other variables associated with the hot 
water heater system. 

It is noted that the various elements of the measurement/ 
control loop discussed above do not necessarily have ?xed 
boundaries corresponding to the blocks shown in FIG. 1. For 
example, the measurement/control logic 14 may be imple 
mented in a control unit embedded in the system 10, and thus 
may be considered to be part of the system 10 at one level. As 
another example, the measurement/control logic 14 may be 
one aspect of a larger program or circuit that performs other 
functions in addition to measurement/control of the system 
10. Also, other examples of measurement/ control loops may 
include multiple of the blocks shown in FIG. 1. For example, 
the measurement/control logic may be distributed across 
multiple components, instruments, or computers, may act on 
the basis of signals received from multiple sensors/transduc 
ers, may control multiple control devices/ actuators, etc. 

Computerized simulation is increasingly being used in 
conjunction with measurement and control in order to simu 
late a system in a measurement/control loop. Simulation of a 
system may be implemented using software or a combination 
of software and hardware. Creating a system simulation typi 
cally involves creating a model of the system, wherein the 
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model represents the system or represents certain aspects of 
the system. For a given system, the system may be modeled in 
any number of different ways. Thus, the type of model that is 
created may depend on the particular aspects of the system 
that the modeler is interested in or the particular purpose of 
performing the simulation. For example, depending on the 
particular system and the particular problem to be solved, 
modeling the system may involve creating a set of mathemati 
cal equations representing the system, creating representa 
tions of various structural elements of the system and rela 
tionships between the elements, creating representations of 
random factors that may affect the system, etc. Creating a 
model of a system generally involves simplifying or approxi 
mating certain aspects of the system. However, for some 
systems or problems, a simple, abstracted model may serve to 
solve the problem at hand quite well, whereas for other sys 
tems or problems, a more complex model representing many 
details of the actual system may be desirable. 

There are many reasons why it may be necessary or desir 
able to simulate a system in a measurement/control loop. For 
example, in many situations, it may be necessary to test the 
measurement/control logic that will be used in an actual mea 
surement/control loop, but it may be infeasible, impractical, 
or impossible to do so with the real system. For example, it 
may be necessary to test whether the measurement/control 
logic will work properly under extreme or emergency situa 
tions in which it would be dangerous or economically infea 
sible to perform the test with a real system, e.g., due to the 
possibility of harm to the system or the environment of the 
system. Also, the real system may operate under conditions 
that make it impossible to perform or monitor a test, as in a 
space ?ight or deep-sea dive. 

Another situation in which simulation is useful is when the 
real system has not yet been created. In this instance, existing 
measurement/control logic may be coupled with a system 
simulation in the measurement/control loop, in order to test 
design variations and predict whether the planned system will 
operate as desired. 

Simulation may also be useful in the design process of the 
measurement/control logic, rather than the system. For 
example, as the commercial applications of measurement/ 
control systems constantly increase, along with the time-to 
market and technical demands for these systems, it becomes 
more important to be able to test new measurement/control 
logic prototypes with a minimum of delay. Since coupling 
these prototypes with a real system may take a signi?cant 
amount of time, it is often desirable to instead test the proto 
types with a simulation of the system. A shorter turnaround 
time enables more iterations and modi?cations to the mea 
surement/ control logic prototypes, helps ensure a high qual 
ity product, enables new features to be introduced more 
quickly, etc. 
As noted above, different simulations may be implemented 

very differently, depending on the objectives of the simula 
tion. However, one aspect common to many types of simula 
tions is the concept of time advancement. In other words, the 
model that a simulation is based on may be a dynamic model, 
so that simulations may undergo various types of state 
changes as time passes. The representation of time advance 
ment may vary for different types of simulated systems. For 
example, some systems are termed “discrete-time systems” 
because they advance to successive stages in a series of jumps 
at separated points in time. For example, electronic systems 
are often described as discrete-time systems. Other systems 
are known as “continuous-time systems” because the state of 
system variables can change continuously with respect to 
time. For example, an automobile moving along a road may 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
be considered as a continuous-time system, since various 
system variables, such as position and velocity, can change 
continuously with respect to time. 

Representing the forward movement of time is often one of 
the most difficult aspects of creating a faithful simulation of a 
system. The problem may be complicated even farther when 
the simulation is introduced into a measurement/control loop, 
since the simulation must not only take into account the 
natural state changes as time passes, but must also coordinate 
with the measurement/control logic in order to respond 
appropriately to the control outputs produced by the measure 
ment/ control logic. While the simulation may have an internal 
representation of time, the measurement/control logic may 
also have its own internal representation of time, e. g., in order 
to sample variables of the simulated system at periodic inter 
vals. These two time representations must be coordinated in 
order for the measurement/ control loop to function properly. 
For example, if the simulation time is allowed to run ahead 
inde?nitely between sample intervals, then the measurement/ 
control logic may not receive an accurate reading of how 
variable changes occur in the simulated system. 
One approach that has been taken in the prior art for coor 

dinating the simulation with the measurement/ control logic is 
to tightly couple the simulation with the measurement/ control 
logic, e.g., by implementing both in a single software pro 
gram. This approach has several disadvantages. One disad 
vantage is that the approach may con?ict with the objectives 
of performing the simulation. For example, as noted above, it 
is sometimes desirable to test existing measurement/control 
logic together with a simulated system. However, in many 
cases it would be very difficult to modify the existing mea 
surement/control logic, especially if the measurement/con 
trol logic is encapsulated in an apparatus, such as an elec 
tronic control unit designed for an engine. 

Another disadvantage associated with the single-program 
approach is that creating the simulation portion of the pro 
gram and creating the measurement/control portion of the 
program may require substantially different skills. However, 
due to the tight coupling of the two portions, the engineer who 
creates the simulation portion may have to understand how 
the measurement/control portion is constructed, and vice 
versa. Thus, it may be desirable to enable the simulation and 
the measurement/control logic to be implemented indepen 
dently of each other. 

Furthermore, it is often desirable for the measurement/ 
control logic to be operable to interact with either a simulation 
of a system or with the real system, without requiring modi 
?cations to the measurement/ control logic itself. Tightly cou 
pling the measurement/ control logic with the simulation may 
inhibit this capability. 

Various of the disadvantages described above, as well as 
additional disadvantages, also appear in the prior art when the 
measurement/ control logic and the simulation are imple 
mented as separate programs which communicate with each 
other, e.g., through a message-passing mechanism. For 
example, the measurement/ control program may still need to 
be modi?ed in order to switch from interfacing with the 
simulation program to interfacing with the real system, e. g., 
by changing the program code to acquire input samples from 
a hardware device instead of from the simulation program. It 
would instead be desirable to provide a framework enabling 
this switch to occur seamlessly, without having to modify the 
measurement/ control program. 
A further problem which may appear in the coordination 

approaches described above is the problem of how to ensure 
that the simulation program has the computed simulation 
variables ready to provide to the measurement/control logic 
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when the measurement/control logic is ready for them. In 
many cases, it is desirable to enable the simulated system to 
behave as closely as possible to a real-time system. Thus it 
may be unacceptable for the simulation to wait until simula 
tion variables are requested by the measurement/ control logic 
before beginning the computation of the variable values. It 
would instead be desirable to inform the simulation of the 
requested variables ahead of the time when the variables are 
actually needed, so that the variable values may be provided 
in response to the actual request with a minimum of delay. 

Another feature heretofore lacking in the prior art is the 
ability to easily vary the speed of the simulation, so that the 
simulation time runs either slower or faster than real time, if 
desired. For example, it may be desirable to purposely slow 
down the simulation, e.g., in order to allow a user to view state 
changes that occur in the simulated system at a level of detail 
that would otherwise be impossible. In other cases it may be 
desirable to purposely speed up the simulation, e.g., in order 
to determine the simulation results in a reasonable amount of 
time. 

Therefore, an improved system and method for coordinat 
ing timing between simulation of a system and measurement 
and/ or control of the system are desired. 

SUMMARY OF THE INVENTION 

The problems outlined above may in large part be solved by 
providing a system and method for coordinating timing 
between simulation of a system and measurement and/or 
control of the system. A measurement/control loop compris 
ing a measurement/control program, a simulation program, 
and an execution coordination kernel is described. The simu 
lation program may be operable to simulate any of various 
types of systems, including discrete-time or continuous time 
systems. The measurement/control program may interface 
with the simulation program using the same techniques as for 
interfacing with a real system. This may advantageously 
enable an operator to switch between measurement/ control of 
a simulated system and measurement/control of a real system 
without needing to modify the measurement/ control pro 
gram. The measurement/control program may provide mea 
surement/ control logic for measuring various variables asso 
ciated with the simulated system and/ or controlling the 
simulated system. 
The execution coordination kernel is responsible for coor 

dinating the execution and time advancement of the measure 
ment/control and simulation programs. In many ways, the 
functions of the execution coordination kernel may be likened 
to the functions performed by an operating system, in that the 
execution coordination kernel may intercept input/ output 
events generated by the measurement/ control and simulation 
programs, may cause either program to begin or pause execu 
tion, etc. 

In one embodiment, the measurement/control program 
may perform input/output operations via input/output (I/O) 
channels. These input/output operations may include input 
received by the measurement/ control program comprising 
simulated or real variable values which the program logic is 
operable to process, and/ or output produced by the measure 
ment/control program comprising control commands for 
affecting the simulated or real system. The execution coordi 
nation kernel may be operable to intercept calls produced by 
the measurement/ control program for requesting input or 
sending output through an I/ O channel. If the execution coor 
dination kernel determines that the system is in simulation 
mode, i.e., that the measurement/control program should 
interface with the simulation program instead of with a real 
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6 
system, then the execution coordination kernel may redirect 
the input or output event to the simulation program. Thus, 
instead of the I/O call being routed through hardware associ 
ated with the I/ O channel, the call may instead be routed to a 
software routine associated with the simulation program. If 
the execution coordination kernel determines that the system 
is not in simulation mode, then the I/O call may be routed 
through to the hardware I/O channel as usual, e.g., through 
drivers associated with the hardware. A con?guration utility 
for specifying whether or not the system is in simulation 
mode, as well as specifying the desired mapping between I/O 
channels and software routines, is described. 

In one embodiment, the measurement/control program 
and/or the simulation program may be a graphical program, 
such as a LabVIEW or Simulink program. Exemplary graphi 
cal programs illustrating one embodiment of the methods 
disclosed herein are described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be 
obtained when the following detailed description of the pre 
ferred embodiment is considered in conjunction with the 
following drawings, in which: 

FIG. 1 (prior art) illustrates an example of a simple mea 
surement/ control loop; 

FIG. 2 is a block diagram of a system comprising a mea 
surement/ control program, a simulation program, and an 
execution coordination kernel; 

FIGS. 3A and 3B illustrate representative instrumentation 
and process control systems including various I/O interface 
options; 

FIG. 4 is a block diagram of the computer system of FIGS. 
3A and 3B; 

FIG. 5 is a block diagram illustrating one embodiment of 
the system shown in FIG. 2 in more detail; 

FIG. 6 is a ?owchart diagram illustrating one speci?c 
embodiment of a measurement/ control program performing a 
loop of requesting input, receiving the input at a speci?ed 
time, processing the input, and producing an output command 
in response to processing the input; and 

FIG. 7 illustrates an exemplary interaction between a mea 
surement/ control program, an execution coordination kernel, 
and a simulation program. 

While the invention is susceptible to various modi?cations 
and alternative forms, speci?c embodiments thereof are 
shown by way of example in the drawings and are herein 
described in detail. It should be understood, however, that the 
drawings and detailed description thereto are not intended to 
limit the invention to the particular form disclosed, but on the 
contrary, the intention is to cover all modi?cations, equiva 
lents and alternatives falling within the spirit and scope of the 
present invention as de?ned by the appended claims. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2iExemplary System 
FIG. 2 is a block diagram of a system comprising a mea 

surement/control program 200, a simulation program 202, 
and an execution coordination kernel 204. The system shown 
in FIG. 2 may enable the creation of a measurement/control 
loop in which the measurement/ control program 200 interacts 
with a simulated system, i.e., the simulation program 202, 
instead of with a real system. The execution coordination 
kernel 204 is responsible for coordinating the execution and 
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time advancement of the measurement/control and simula 
tion programs, as described below. 
As used herein, the term “measurement/control program” 

may refer to any of various types of programs that implement 
measurement/control logic for a measurement/control loop, 
such as shown in FIG. 1. A measurement/ control pro gram 200 
may perform any combination of measurement and/ or control 
of a system or a simulated system, as well as other types of 
tasks. The program 200 may run in any of various types of 
computer systems, including desktop computers or worksta 
tions, embedded microcontrollers, electronic control units, 
programmable logic devices, mainframe computers, etc. The 
term measurement/control program may include software 
elements, hardware elements, or both. For example, in addi 
tion to referring to a traditional software program, a measure 
ment/control program may also refer to a specialized hard 
ware circuit in a real-time system, wherein the circuit 
implements measurement/control logic for the system. The 
program 200 may be written or designed using any of various 
types of programming techniques, tools, or languages, 
including text-based languages, such as C, C++, Java, Basic, 
etc., graphical programming development environments, 
such as LabVIEW, Simulink, etc., hardware description lan 
guages, etc. 

Similarly, as used herein, the term “simulation program” 
may also refer to various types of programs. The simulation 
program 202 may simulate any of various types of systems, 
including apparatuses, processes, conditions, or some com 
bination of these. The program 202 may be based on any of 
various types of models, wherein the models include repre 
sentations of physical, mechanical, electrical, chemical, or 
thermodynamic elements, or other types of elements. Exem 
plary systems which may be simulated by the simulation 
program 202 include, but are not limited to: a device in 
motion, an engine or an engine component, a chemical reac 
tion, a petroleum re?ning process, a room maintained at a 
setpoint temperature, a system of liquids ?owing among dif 
ferent tanks, etc. 

Similarly as described above for the measurement/control 
program 200, the simulation program 202 may run on any of 
various types of computer systems. The simulation program 
202 may run on the same computer system as the measure 
ment/control program 200 or on a different computer system, 
such as a second computer system connected via a network. 

FIG. 2 illustrates a single measurement/control program 
and a single simulation program. However, in alternative 
embodiments, multiple measurement/control an/or simula 
tion programs may be coordinated according to the system 
and method described herein. 

In various embodiments, the execution coordination kernel 
204 may be implemented in any of various ways, e.g., 
depending on whether the measurement/control and simula 
tion programs are implemented as traditional software pro 
grams running on a microprocessor or whether they also 
include real-time hardware elements. In many ways, the func 
tions of the execution coordination kernel 204 may be likened 
to the functions performed by an operating system, in that the 
execution coordination kernel may intercept input/ output 
events generated by the measurement/ control and simulation 
programs, may cause either program to begin or pause execu 
tion, etc. The functions of the execution coordination kernel 
204 are discussed in more detail below. 

FIGS. 3A and 3BiInstrumentation and Industrial Automa 
tion Systems 
As described above, in various embodiments, a measure 

ment/control program and a simulation program may run in 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
any of various types of systems, including desktop computers 
or workstations. FIGS. 3A and 3B illustrate exemplary sys 
tems in which one or more of the programs may run, wherein 
the systems include a computer connected to various types of 
devices. It may be desirable to run the measurement/control 
program in such a system, for example, so that the measure 
ment/control program may easily switch between interacting 
with the simulation program and interacting with a real sys 
tem. This type of switch is described in more detail below. It 
is noted that FIGS. 3A and 3B are exemplary only. 

FIG. 3A illustrates an instrumentation control system 100. 
The system 100 comprises a host computer 102 which con 
nects to one or more instruments. The host computer 102 

comprises a CPU, a display screen, memory, and one or more 
input devices such as a mouse or keyboard, as shown. The 
host computer 102 connects through the one or more instru 
ments to analyze, measure, or control a unit under test (UUT) 
or process 150. The host computer 102 may execute a mea 
surement/ control program that interacts with or controls the 
one or more instruments. The one or more instruments may 

include a GPIB instrument 112 and associated GPIB interface 
card 122, a data acquisition board 114 and associated signal 
conditioning circuitry 124, a VXI instrument 116, a PXI 
instrument 118, a video device 132 and associated image 
acquisition card 134, a motion control device 136 and asso 
ciated motion control interface card 138, and/ or one or more 
computer based instrument cards 142, among other types of 
devices. 
The GPIB instrument 112 is coupled to the computer 102 

via the GPIB interface card 122 provided by the computer 
102. In a similar manner, the video device 132 is coupled to 
the computer 102 via the image acquisition card 134, and the 
motion control device 136 is coupled to the computer 102 
through the motion control interface card 138. The data 
acquisition board 114 is coupled to the computer 102, and 
may interface through signal conditioning circuitry 124 to the 
UUT. The signal conditioning circuitry 124 preferably com 
prises an SCXI (Signal Conditioning eXtensions for Instru 
mentation) chassis comprising one or more SCXI modules 
126. 

The GPIB card 122, the image acquisition card 134, the 
motion control interface card 138, and the DAQ card 114 are 
typically plugged in to an I/O slot in the computer 102, such 
as a PCI bus slot, a PC Card slot, or an ISA, EISA or Micro 
Channel bus slot provided by the computer 102. However, 
these cards 122, 134, 138 and 114 are shown external to 
computer 102 for illustrative purposes. 
The VXI chassis or instrument 116 is coupled to the com 

puter 102 via a VXI bus, MXI bus, or other serial or parallel 
bus provided by the computer 102. The computer 102 pref 
erably includes VXI interface logic, such as a VXI, MXI or 
GPIB interface card (not shown), which interfaces to the VXI 
chassis 116. The PXI chassis or instrument is preferably 
coupled to the computer 102 through the computer’ s PCI bus. 

A serial instrument (not shown) may also be coupled to the 
computer 102 through a serial port, such as an RS-232 port, 
USB (Universal Serial bus) or IEEE 1394 or 1394.2 bus, 
provided by the computer 102. In typical instrumentation 
control systems an instrument will not be present of each 
interface type, and in fact many systems may only have one or 
more instruments of a single interface type, such as only 
GPIB instruments. 

The instruments are coupled to the unit under test (UUT) or 
process 150, or are coupled to receive ?eld signals, typically 
generated by transducers. The system 100 may be used in a 
data acquisition and control application, in a test and mea 
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surement application, a process control application, or a man 
machine interface application. 

FIG. 3B illustrates an exemplary industrial automation 
system 160. The industrial automation system 160 is similar 
to the instrumentation or test and measurement system 100 
shown in FIG. 3A. Elements which are similar or identical to 
elements in FIG. 3A have the same reference numerals for 
convenience. The system 160 comprises a computer 102 
which connects to one or more devices or instruments. The 

computer 102 comprises a CPU, a display screen, memory, 
and one or more input devices such as a mouse or keyboard as 

shown. The computer 102 connects through the one or more 
devices to a process or device 150 to perform an automation 
function, such as MMI (Man Machine Interface), SCADA 
(Supervisory Control and Data Acquisition), portable or dis 
tributed data acquisition, process control, advanced analysis, 
or other control. In FIG. 3B, the computer 102 may execute a 
measurement/ control program that is involved with the auto 
mation function performed by the automation system 160. 

The one or more devices may include a data acquisition 
board 114 and associated signal conditioning circuitry 124, a 
PXI instrument 118, a video device 132 and associated image 
acquisition card 134, a motion control device 136 and asso 
ciated motion control interface card 138, a ?eldbus device 
170 and associated ?eldbus interface card 172, a PLC (Pro 
grammable Logic Controller) 176, a serial instrument 182 
and associated serial interface card 184, or a distributed data 
acquisition system, such as the Fieldpoint system available 
from National Instruments, among other types of devices. 

The DAQ card 114, the PXI chassis 118, the video device 
132, and the image acquisition card 136 are preferably con 
nected to the computer 102 as described above. The serial 
instrument 182 is coupled to the computer 102 through a 
serial interface card 184, or through a serial port, such as an 
RS-232 port, provided by the computer 102. The PLC 176 
couples to the computer 102 through a serial port, Ethernet 
port, or a proprietary interface. The ?eldbus interface card 
172 is preferably comprised in the computer 102 and inter 
faces through a ?eldbus network to one or more ?eldbus 
devices. Each of the DAQ card 114, the serial card 184, the 
?eldbus card 172, the image acquisition card 134, and the 
motion control card 138 are typically plugged in to an I/O slot 
in the computer 102 as described above. However, these cards 
114, 184, 172, 134, and 138 are shown external to computer 
102 for illustrative purposes. In typical industrial automation 
systems a device will not be present of each interface type, 
and in fact many systems may only have one or more devices 
of a single interface type, such as only PLCs. The devices are 
coupled to the device or process 150. 

Referring again to FIGS. 3A and 3B, the computer system 
102 may include a memory medium on which one or more 

computer programs or software components according to the 
present invention are stored. The term “memory medium” is 
intended to include an installation medium, e.g., a CD-ROM, 
?oppy disks 104, or tape device, a computer system memory 
or random access memory such as DRAM, SRAM, EDO 
RAM, RRAM, etc., or a non-volatile memory such as a mag 
netic media, e. g., a hard drive, or optical storage. The memory 
medium may comprise other types of memory as well, or 
combinations thereof. 

In addition, the memory medium may be located in a ?rst 
computer in which the programs are stored or executed, or 
may be located in a second different computer which con 
nects to the ?rst computer over a network, such as the Internet. 
In the latter instance, the second computer provides the pro 
gram instructions to the ?rst computer for execution. Also, the 
computer system 102 may take various forms, including a 
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personal computer system, mainframe computer system, 
workstation, network appliance, Internet appliance, personal 
digital assistant (PDA), television system or other device. In 
general, the term “computer system” can be broadly de?ned 
to encompass any device having at least one processor which 
executes instructions from a memory medium. 

FIG. 44Computer System Block Diagram 
FIG. 4 is an exemplary block diagram of the computer 

system illustrated in FIGS. 3A and 3B. It is noted that any type 
of computer system con?guration or architecture can be used 
in conjunction with the system and method described herein, 
as desired, and FIG. 4 illustrates a representative PC embodi 
ment. It is also noted that the computer system may be a 
general purpose computer system such as illustrated in FIGS. 
3A and 3B, a computer implemented on a VXI card installed 
in a VXI chassis, a computer implemented on a PXI card 
installed in a PXI chassis, a programmable logic device, or 
other types of embodiments. The elements of a computer not 
necessary to understand the present invention have been omit 
ted for simplicity. 
The computer 102 includes at least one central processing 

unit or CPU 160 which is coupled to a processor or host bus 
162. The CPU 160 may be any of various types, including an 
x86 processor, e.g., a Pentium class, a PowerPC processor, a 
CPU from the SPARC family of RISC processors, as well as 
others. Main memory 166 is coupled to the host bus 162 by 
means of memory controller 164. 
The main memory 166 may store one or more computer 

programs or software components according to the present 
invention. The main memory 166 also stores operating sys 
tem software as well as the software for operation of the 
computer system, as well known to those skilled in the art. 
The computer programs of the present invention are dis 
cussed in more detail below. 
The host bus 162 is coupled to an expansion or input/output 

bus 170 by means of a bus controller 168 or bus bridge logic. 
The expansion bus 170 is preferably the PCI (Peripheral 
Component Interconnect) expansion bus, although other bus 
types can be used. The expansion bus 170 includes slots for 
various devices such as the data acquisition board 114 (of 
FIG. 2A), a GPIB interface card 122 which provides a GPIB 
bus interface to the GPIB instrument 112 (of FIG. 2A), and a 
VXI or MXI bus card 186 coupled to the VXI chassis 116 for 
receiving VXI instruments. The computer 102 further com 
prises a video display subsystem 180 and hard drive 182 
coupled to the expansion bus 170. 

FIGS. 5 and 6 
FIG. 5 is a block diagram illustrating one embodiment of 

the system shown in FIG. 2 in more detail. FIG. 5 illustrates 
that the measurement/control program 200 may interface 
with the simulation program 202 just as if the simulation 
program were a real system. This may advantageously enable 
an operator to switch between measurement/control of a 
simulated system and measurement/control of a real system 
without needing to modify the measurement/control pro 
gram. 

FIG. 5 illustrates an embodiment in which the measure 
ment/control program performs input/ output operations via 
input/output (I/O) channels 250. These input/output opera 
tions may include input received by the measurement/ control 
program comprising simulated or real variable values which 
the program logic is operable to process, and/or output pro 
duced by the measurement/control program comprising con 
trol commands for affecting the simulated or real system. In 
alternative embodiments, the measurement/ control program 
may not use input/output channels such as shown in FIG. 5, 
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but may use other input/output methods. For example, the 
measurement/control program may perform input/ output 
operations by sending commands and receiving responses 
along a bus, wherein the commands and responses are formu 
lated according to a particular instrumentation protocol. 

The execution coordination kernel 204 may be operable to 
intercept calls produced by the measurement/ control program 
200 for sending output through an I/O channel 250. If the 
execution coordination kernel determines that the system is in 
simulation mode, i.e., that the measurement/ control program 
should interface with the simulation program 202 instead of 
with a real system, then the execution coordination kernel 
may redirect the output to the simulation program 202. Thus, 
instead of the output call being routed through hardware 
associated with the I/O channel, the call may instead be 
routed to a software routine associated with the simulation 
program. If the execution coordination kernel determines that 
the system is not in simulation mode, then the output call may 
be routed through to the hardware I/O channel as usual, e. g., 
through drivers associated with the hardware. A con?guration 
utility for specifying whether or not the system is in simula 
tion mode, as well as specifying the desired mapping between 
I/O channels and software routines, is described below. 

Output produced by the measurement/ control program 200 
may be viewed as input to the simulation program 202 and 
vice versa. Thus, output calls produced by the simulation 
program may be intercepted by the execution coordination 
kernel and routed to the measurement/ control program, simi 
larly as described above. 

In addition to performing the desired mapping of I/O calls, 
the execution coordination kemel 204 may also be involved in 
managing execution and time coordination between the pro 
grams. As shown in FIG. 5, both the measurement/control 
program 200 and the simulation program 202 may maintain 
their own local versions of a clock, which may be relative to 
a global clock. The execution coordination kernel 204 may 
also possess knowledge of these local clocks. 

In one embodiment, the measurement/control program 
may request an input by specifying a time when the input is 
needed, which may be relative to the local measurement/ 
control time. FIG. 6 is a ?owchart diagram illustrating one 
speci?c embodiment of a measurement/control program per 
forming a loop of requesting input, receiving the input at a 
speci?ed time, processing the input, and producing an output 
command in response to processing the input. As shown in 
step 270, the measurement/ control program may request the 
input via a call such as: 

acquireInput (channelNumber, TRUE, callbackDelay, call 
backRoutine); 

where channelNumber refers to an I/O channel with which 
the desired input is associated, TRUE is a Boolean parameter 
indicating that the measurement/control program should 
sleep after issuing the acquireinput ( ) call, callbackDelay 
speci?es a time delay relative to the local measurement/con 
trol program clock when the measurement/control program 
desires to actually receive the input, and callbackRoutine 
speci?es a callback routine to be invoked at the speci?ed 
callback time to receive the input. 

In step 272, the measurement/control program may sleep 
after issuing the acquirelnput( ) call, using well-known oper 
ating system techniques. In this example, the program may 
sleep in response to specifying a parameter of TRUE in step 
270. In more complicated examples, the measurement/con 
trol may not sleep but may perform other tasks while waiting 
for the input. 
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As described above, the execution coordination kernel may 

be operable to intercept input requests issued by the measure 
ment/ control pro gram and route the requests to an appropriate 
function, object, or routine associated with the simulation 
program. The simulation program may receive the request, 
which may include information specifying the time when the 
request results are desired by the measurment/control pro 
gram. The simulation program may then run the simulation 
forward up to the point speci?ed by the measurement/control 
program and then produce an output including the desired 
variable values. Depending on the system being simulated 
and the model used to create the simulation, the simulation 
program may use all or a portion of the available time to 
compute the desired simulation variables. For example, for 
some problems, simulated results may become more and 
more accurate as more computation iterations are performed, 
whereas for other problems the variable values may only be 
computed using a one-pass process or algorithm. 
The execution coordination kernel may intercept the output 

produced by the simulation program, similarly as described 
above when the input request issued by the measurement/ 
control program was intercepted. In step 274, the execution 
coordination kernel may invoke the callback routine speci?ed 
in step 270. If the execution coordination kernel receives the 
output produced by the simulation program before the call 
back time speci?ed in step 270, then the execution coordina 
tion kernel may wait until the speci?ed time before invoking 
the callback routine. Otherwise, the callback routine may be 
invoked immediately. Invoking the callback routine prefer 
ably comprises passing the output produced by the simulation 
program to the callback routine. 

In step 276, the measurement/control program processes 
the input received when the callback routine is invoked in step 
274. This processing may comprise performing any of vari 
ous types of processes or calculations, depending on the 
purpose of the measurement/control loop. For example, this 
processing may comprise comparing the variable values 
received from the simulation program to desired setpoint 
values, comparing the values to values recorded during pre 
vious iterations of the loop, performing an algorithm using 
one or more of the values as parameters, or any other process. 

In step 278, the measurement/control program may pro 
duce an output command in response to the processing per 
formed in step 276, e.g., in order to regulate one or more of the 
simulated system variables. The output command may be 
intercepted by the execution coordination kernel and routed 
to the simulation program as described above. As shown, the 
loop may then repeat, e.g., in order to sample and process 
input from the simulated system at periodic intervals. 

It is noted that in some embodiments steps 276 and/ or 278 
may be affected by user input. For example, the measure 
ment/control program may have an associated graphical user 
interface that displays various controls, such as dials, 
switches, slides, etc., for regulating a system or a simulated 
system. The processing of the system variables and the output 
command that is produced may depend on the settings of 
these virtual controls. Similarly, the simulation program may 
have a graphical user interface of its own enabling an operator 
to interact with the simulation and affect the state of the 
simulated system, which may in turn affect the operation of 
the measurement/ control program. 

UtiliZing a method such as shown in FIG. 6 may provide 
several advantages when running a simulation in a measure 
ment/control loop. For example, since the simulation pro 
gram can be informed of the time when the measurement/ 
control program will need particular variable values before 
the time that the measurement/control program actually 
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needs them, the desired variable values may in effect be 
computed ahead so that they are ready on time and no delay 
may be incurred when the measurement/control program 
expects the input. 

It is noted that providing this information to the simulation 
program may be implicit in the input request itself so that no 
additional synchronization messages may be required. Coor 
dinating the execution of the measurement/ control program 
and the simulation program is accomplished by the actual 
input/output events generated by each program, not by addi 
tional events or messages. Thus the measurement/control 
program may be implemented just as if the program were 
interfacing with a real system, which may then make it easy to 
actually replace the simulation with a real system. 
A method such as described above may also enable the 

simulation to easily be con?gured to run either faster or 
slower than real time, as desired by a user. For example, by 
adjusting the callbackDelay parameter to a larger value in 
step 270, the rate of the simulation may be decreased. This 
may be useful, for example, if the measurement/control pro 
gram is operable to display a user interface indicating the state 
of the simulated system as the simulation advances in time, 
wherein the user interface would change too quickly for a user 
to understand or see the state changes if the simulation were 
to occur in accordance with actual time. As an example, it 
may be desirable to slow down a simulation of a fast chemical 
reaction. 

On the other hand, by adjusting the callbackDelay param 
eter to a smaller value in step 270, the rate of the simulation 
may be increased. This may be useful, for example, if the 
measurement/control loop is simulating a process that would 
normally take a long time to complete, such as a very slow 
chemical reaction. 
A measurement/ control program may enable a user to 

increase or decrease the callback delay as desired in order to 
control the rate of the simulation, e.g., via a graphical user 
interface. However, this may entail modi?cation of the mea 
surement/ control program. Also, a display screen may not be 
available for the measurement/control program to access. 
Thus, in an alternative embodiment, the rate of the simulation 
may be controlled using a con?guration utility associated 
with the execution coordination kemel. For example, a user 
may specify a positive or negative delay to automatically be 
added by the execution coordination kernel to the callback 
delay speci?ed by the measurement/ control program. Such a 
con?guration utility may also be used to specify other desired 
rate manipulations, e. g., by specifying that the measurement/ 
control loop should run as fast as computationally possible, 
i.e., with no delay. 

FIG. 6 represents one embodiment of a method for coor 
dinating execution of a simulation program and a relatively 
simple measurement/control program. In a given implemen 
tation, many such measurement/control loops may be per 
formed simultaneously. For example, different loops may be 
associated with different I/O channels. The functions per 
formed by each measurement/ control loop may be arbitrarily 
complex, i.e., may differ from the simple example given 
above of sampling input at periodic intervals. 

It is noted that many variations of the method illustrated in 
FIG. 6 are contemplated. In particular, the request for input 
performed by the measurement/control program in step 270 
may be performed in any of various alternative ways. As one 
example, a callback routine for accepting the requested input 
may not need to be speci?ed, e. g., if a con?guration utility is 
used to explicitly associate a callback routine with a particular 
I/O channel. 
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FIG. 7iExample 

FIG. 7 is a chart illustrating a particular application of the 
system and method described above. FIG. 7 illustrates an 
exemplary interaction between a measurement/ control pro 
gram, an execution coordination kernel, and a simulation 
program. As described above, a measurement/control pro 
gram and a simulation program may each maintain their own 
local time values. The execution coordination kernel may also 
keep track of these local time values and may also maintain a 
global time value that may be used for coordinating the execu 
tion and local time values of the programs. 

In FIG. 7, each block in the “measurement and control 
program” column illustrates the local measurement/control 
program time value for when that block takes place. The times 
shown in this column are relative to a time value TM, which 
represents the local time at which block 400 begins. The local 
time values shown in this column are somewhat arbitrary and 
are simply used as reference points to indicate time advance 
ment in the measurement/ control program. 
The time values shown in the “simulation program” col 

umn are used somewhat differently from those in the “mea 
surement/control program” column. The measurement/con 
trol program time values provide reference points for when 
the blocks in the “measurement/control program” column 
occur with respect to program execution. Thus, the time value 
increases for each successive block. The simulation program 
time values, on the other hand, indicate the state of the simu 
lation at the point when each block occurs. As described 
above, a simulation program is typically based on a model of 
a system that can dynamically change over time. Although 
different blocks in the “simulation program” may take place 
at different times with respect to program execution, the state 
of the simulated system may not change between a given pair 
of blocks. 

With respect to the measurement/control program, the 
chart of FIG. 7 begins at a time T M when the measurement/ 
control program is executing, as shown in block 400. As 
described above, in various embodiments a measurement/ 
control program may be operable to perform any of various 
processes during execution, in addition to measuring and/or 
controlling a system or simulated system. 

With respect to the simulation program, the chart of FIG. 7 
begins when the program is sleeping, in accordance with 
standard operating system techniques, as shown in block 402. 
The time value in block 402 shows that the state of the 
simulated system is currently indicated by a value, T S. 
As shown in block 404, the measurement/control program 

may request input at a time T M+4 via an input channel, chan 
nel 0. The T M+2 and TM+4 values and the “0” channel number 
are arbitrarily chosen for illustration purposes. In one 
embodiment the measurement/ control program may request 
the input similarly as described above with reference to step 
270 of FIG. 6. As described above, the requested input may 
comprise input specifying various variables indicating the 
state of the simulated system, which the measurement/ control 
program may use to regulate the simulated system. The T M+4 
value may indicate a time value at which the measurement/ 
control program expects the input, e.g., in order to sample the 
system variables at regular intervals. 

In block 406, the execution coordination kernel may inter 
cept the channel 0 input request, as described above. The 
execution coordination kernel may then determine a local 
simulation time value which corresponds to the local mea 
surement/ control time value T M+4. For example, this deter 
mination may be made by normalizing T M and T S with respect 
to a global clock maintained by the execution coordination 
kernel and computing a value X such that TS+XITM+4. As 
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described above, channel 0 input requests may be mapped to 
a particular simulation program routine, such as a function, 
component, object, subprogram, etc. The execution coordi 
nation kernel may then invoke this routine, passing along the 
T S+X value to inform the simulation program that the system 
variables associated with channel 0 are requested, wherein 
the values of the variables should re?ect the state of the 
system at a simulation time of T 5+X. 
As shown in block 408, the simulation program may wake 

up in response to being invoked by the execution coordination 
kernel and may run the simulation of the system forward until 
the time speci?ed by T S+X. The simulation program may run 
the simulation forward in any of various ways, depending on 
the model used to create the simulation and how this model is 
implemented. 

In block 410, the time value shown indicates that the state 
of the simulation is now speci?ed by the value TS+X, after 
being run forward in block 408. The simulation program may 
now send the requested output representing the new state of 
the simulation to channel 0 and may then return to sleep. 

In block 412, the execution coordination kernel may inter 
cept the channel 0 output request. When the measurement/ 
control program requested the input in block 404, the pro 
gram may have speci?ed a callback routine for receiving the 
input at the designated time. Alternatively, the execution 
coordination kernel may be con?gured to invoke a particular 
routine associated with the measurement/ control program in 
response to intercepting channel 0 output requests. In either 
case, the execution coordination kernel may invoke the appro 
priate routine, passing along the output received from the 
simulation program. As described above with reference to 
FIG. 6, if the time TM+4 has not yet been reached (as deter 
mined by the global clock) then the execution coordination 
kernel may delay the invocation until that time is reached. 
A shown in block 414, the measurement/control program 

may wake up in response to being invoked by the execution 
coordination kernel and may process the received input. For 
example, the input may include variable values for the simu 
lated system that the measurement/ control program processes 
in order to control the system as desired. The time value T M+4 
shown in block 414 indicates that the input is received at the 
desired time, as speci?ed in step 404. 

In block 416 the measurement/ control program may deter 
mine an appropriate control command in response to the 
processing performed in block 414 and send the command as 
output, e. g., via channel 1. The time value of T M+10 for block 
416 is chosen arbitrarily and simply re?ects the advancement 
of time in the measurement/control program. 

Similarly as described above, in block 418 the execution 
coordination kernel may intercept the channel 1 output 
request, determine a simulation program software routine 
associated with channel 1, and pass the output representing 
the control command to the routine. 

As shown in block 420, the simulation program may wake 
up in response to being invoked by the execution coordination 
kernel in block 418 and may process the control command. 
The simulation program may then return to sleep. Processing 
the control command may involve performing any of various 
operations. In one embodiment, the simulation program may 
simply store the control command in an appropriate form so 
that the next time the simulation is run forward, the control 
command can be taken into account. Thus, the state of the 
simulation may remain at the time value T S+X after block 420 
is performed. 

Blocks 422 and 424 indicate that the measurement/control 
and simulation programs may now be in a similar state as 
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when the chart of FIG. 7 begins, wherein the measurement/ 
control program is executing and the simulation program is 
sleeping. 
As noted above, FIG. 7 is exemplary only and illustrates the 

application of one particular embodiment of the system and 
method described herein, as applied to one particular type of 
measurement/ control loop. The behavior of the measure 
ment/control program, the simulation program, and/or the 
execution coordination kernel may be different in other 
embodiments. For example, the measurement/ control pro 
gram and the simulation program are shown to sleep at vari 
ous points during their execution, but neither program is 
required to sleep by the system and method described herein. 
The programs are shown to sleep in the example of FIG. 7 
because this may help to gain a better understanding of the 
coordination performed by the execution coordination kemel. 

Also, the example of FIG. 7 illustrates a relatively simple 
interaction between various elements of the system. As noted 
above, in other embodiments, the processes performed in the 
measurement/ control loop may be arbitrarily complex. 
As another example ofa possible variation, FIG. 7 is illus 

trated in terms of performing input/ output operations via 
channels. In other embodiments, any of various other models 
for performing input/output may be employed. 

Graphical Program Examples 
In various embodiments the measurement/ control and 

simulation programs may be constructed using any of various 
programming techniques or languages and may run on any of 
various types of systems. In one embodiment, the measure 
ment/control program and/or the simulation program may be 
constructed as a graphical program. Graphical programming 
can enable developers to intuitively model a process and may 
be especially useful in the ?elds of system simulation, process 
control, industrial automation, test and measurement, etc. 
Examples of popular graphical programming development 
environments include LabVIEW from National Instruments 
and Simulink from The MathWorks. Any of various graphical 
pro gramming development environments or combinations of 
graphical programming development environments may be 
used to construct the measurement/ control graphical program 
and/or the simulation graphical program. The graphical pro 
grams may then interface according to one embodiment of the 
system and methods described herein. 
Although the embodiments above have been described in 

considerable detail, numerous variations and modi?cations 
will become apparent to those skilled in the art once the above 
disclosure is fully appreciated. It is intended that the follow 
ing claims be interpreted to embrace all such variations and 
modi?cations. 

We claim: 
1. A system for performing a simulation, the system com 

prising: 
one or more processors; 

memory storing program instructions; and 
an input device; 
wherein the program instructions are executable by the one 

or more processors to: 

turn a simulation mode either on or off in response to 
user input; 

receive a request for input from a measurement/control 
program; 

determine whether the simulation mode is turned on or 
off; and 

selectively route the request for input to either a simu 
lation program or the input device, depending on 
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whether the simulation mode is turned on or off, 
wherein selectively routing the request for input com 
prises: 

routing the request for input to the simulation program if 
the simulation mode is turned on; 

routing the request for input to the input device if the 
simulation mode is turned off. 

2. The system of claim 1, 
wherein the measurement/control program performs the 

request for input identically, regardless of whether the 
simulation mode is turned on or off. 

3. The system of claim 1, further comprising: 
an output device; 
wherein the program instructions are further executable by 

the one or more processors to: 

receive a request for output from the measurement/con 
trol program; and 

selectively route the request for output to either the 
simulation program or the output device, depending 
on whether the simulation mode is turned on or off, 
wherein selectively routing the request for output 
comprises: 

routing the request for output to the simulation program 
if the simulation mode is turned on; 

routing the request for output to the output device if the 
simulation mode is turned off. 

4. The system of claim 1, 
wherein after determining that the simulation mode is 

turned on and routing the request for input to the simu 
lation program, the program instructions are further 
executable by the one or more processors to: 

receive results for the input request from the simulation 
program; and 

pass the results received from the simulation program to 
the measurement/control program. 

5. The system of claim 1, wherein the request for input 
comprises a request for input through a ?rst l/O channel; 

wherein the program instructions are further executable by 
the one or more processors to determine that the ?rst l/O 
channel is mapped to a ?rst software routine of the 
simulation program; 

wherein said routing the request for input to the simulation 
program comprises routing the request for input to the 
?rst software routine of the simulation program. 

6. The system of claim 1, 
wherein the program instructions are further executable by 

the one or more processors to map the ?rst l/O channel to 
the ?rst software routine of the simulation program in 
response to user input requesting the ?rst l/O channel to 
be mapped to the ?rst software routine of the simulation 
program. 

7. The system of claim 1, 
wherein turning the simulation mode either on and off 

comprises turning the simulation mode either on or off 
without requiring the measurement/ control program to 
be modi?ed, wherein the measurement/ control program 
operates correctly, regardless of whether the simulation 
mode is turned on or off. 

8. The system of claim 1, 
wherein the measurement/ control program is stored in the 
memory and executed by the one or more processors. 

9. The system of claim 8, 
wherein the simulation program is also stored in the 
memory and executed by the one or more processors. 
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10. The system of claim 8, 
wherein the one or more processors are one or more pro 

cessors of a ?rst computer system included in the sys 

tem; 
wherein the system further includes a second computer 

system coupled to the ?rst computer system; 
wherein the simulation program executes on the second 

computer system. 
11. The system of claim 1, 
wherein the simulation program executes to simulate a 

physical system. 
12. The system of claim 1, 
wherein the simulation program executes to simulate 

operation of a device. 
13. The system of claim 1, 
wherein the measurement/control program comprises a 

graphical program, wherein the graphical program com 
prises a plurality of interconnected nodes that visually 
indicate functionality of the graphical program. 

14. The system of claim 1, 
wherein the simulation program comprises a graphical pro 

gram, wherein the graphical program comprises a plu 
rality of interconnected nodes that visually indicate 
functionality of the graphical program. 

15. A method for performing a simulation, the method 
comprising: 

turning a simulation mode either on or off in response to 
user input; 

executing a measurement/control program; 
executing a simulation program, wherein the simulation 

program executes to simulate a system; 

receiving a request for input from the measurement/ control 
Program; 

determining whether the simulation mode is turned on or 
off; and 

selectively routing the request for input to either the simu 
lation program or an input device, depending on whether 
the simulation mode is turned on or off, wherein selec 
tively routing the request for input comprises: 
routing the request for input to the simulation program if 

the simulation mode is turned on; 
routing the request for input to the input device if the 

simulation mode is turned off. 
16. The method of claim 15, further comprising: 
receiving a request for output from the measurement/con 

trol program; and 
selectively routing the request for output to either the simu 

lation program or an output device, depending on 
whether the simulation mode is turned on or off, wherein 
selectively routing the request for output comprises: 
routing the request for output to the simulation program 

if the simulation mode is turned on; 

routing the request for output to the output device if the 
simulation mode is turned off. 

17. The method of claim 15, further comprising: 
after determining that the simulation mode is turned on and 

routing the request for input to the simulation program, 
receiving results for the input request from the simula 
tion program, and passing the results received from the 
simulation program to the measurement/ control pro 
gram. 

18. A tangible computer-readable memory medium storing 
program instructions for performing a simulation, wherein 
the program instructions are executable to: 
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turn a simulation mode either on or off in response to user 
input; 

receive a request for input from a measurement/ control 
program; 

determine Whether the simulation mode is turned on or off; 
and 

selectively route the request for input to either a simulation 
program or an input device, depending on Whether the 
simulation mode is turned on or off, Wherein selectively 
routing the request for input comprises: 
routing the request for input to the simulation program if 

the simulation mode is turned on; 
routing the request for input to the input device if the 

simulation mode is turned off. 
19. The tangible computer-readable memory medium of 

claim 18, Wherein the program instructions are further 
executable to: 

receive a request for output from the measurement/ control 
program; and 

10 

20 
selectively route the request for output to either the simu 

lation program or an output device, depending on 
Whether the simulation mode is turned on or off, Wherein 
selectively routing the request for output comprises: 

5 routing the request for output to the simulation program 
if the simulation mode is turned on; 

routing the request for output to the output device if the 
simulation mode is turned off. 

20. The tangible computer-readable memory medium of 
claim 18, Wherein after determining that the simulation mode 
is turned on and routing the request for input to the simulation 
program, the program instructions are further executable to: 

receive results for the input request from the simulation 
program; and 

pass the results received from the simulation program to 
the measurement/ control program. 


